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INTRODUCTION
The European Union has made progress in dealing with municipal wastewater in individual countries and as a corporate entity. Currently, the most widely available options in the EU are the agriculture utilization, the waste disposal sites, the land reclamation and restoration, the incineration and other novel uses (Virsta, 2012) . The selection of an option on a local basis reflects local or national, cultural, historical, geographical, legal, political and economic circumstances (Fytili and Zabaniotou, 2008) . Sewage sludge, also referred as biosolids, is a byproduct of sewage treatment processes. Characteristics of sewage sludge depend upon the quality of sewage and type of treatment processes followed. Being rich in organic and inorganic plant nutrients, sewage sludge may substitute for fertilizer, but availability of potential toxic metals often restricts its uses. Sludge amendment to the soil modifies its physico-chemical and biological properties (Singh and Agrawal, 2008) . Repeated substantial applications of waste increase the soil organic matter percentage (Khaleel et al, 1981) . Agrochemical properties of soils are a key factor in determining the degree of fertility, so their productive potential and also to develop measures to improve agrochemical and increasing fertility through the use of chemical and organic fertilizers (Dodocioiu and Mocanu, 2009 ). One of the major environmental problems caused by industrialization is the increment in the concentration of heavy metals in the air, land and water . Heavy metals in sewage sludge accumulate in soils after successive sludge applications and can be toxic to plants, soil organisms, as well as humans and animals along the food chain. Because of this potential threat, many countries have set limits to the additions of metals in sludge to agricultural land, based on the concentrations of metals in sludge itself, the loading, or total amount, of metal that can be added and often how quickly this can be applied, and the maximum concentrations of metals in soil which are allowed to build up after sludge applications (McGrath et al., 1994) . Numerous anthropogenic and industrial activities lead to the accumulation of heavy metals in soil and the serious consequences for agriculture (Matei et al., 2013) . Application of compost made from sewage sludge on agricultural soils is regulated by Directive 86/278/1986 environmental protection, and in particular the soil, when sewage sludge is used in agriculture and aims to encourage the use of sludge in agriculture and to regulate the use to in order to prevent harmful effects on the environment (Patrusca and Popa, 2011) . Soils can be naturally or anthropogenically enriched with heavy metals. Heavy metals such as Cu, Fe, Co, Mn and Zn are required by biological systems as components of proteins and enzymes (Babeanu et al., 2010) . The soil acts as a depository of heavy metals emitted into the environment, behavior which is favored by their ability to accumulate over time (Cimpeanu and Virsta, 2012) . Various factors can affect these deposits, mobilizing them to be taken over the form of particles in air and water, or being absorbed by plants (Buzatu and Dodocioiu, 2015) . All plants need an adequate supply of macroand micro-elements in order to match their normal physiological and biochemical function. Besides basic mineral nutrients (N, P and K), some other elements (Mg, Fe, Zn, B) are considered to be essential for plant metabolic processes because they are cofactors and/or activators of many metabolic enzymes (Buzatu and Dodocioiu, 2017) .
MATERIALS AND METHODS
For physical and chemical characterization of the soil, two soil profiles were made, one in Murgasi and one in Bulzesti, localities situated in northern part of Dolj county. Soil profiles have been studied in the field and in the laboratory. In field there has been made their morphological description, on soil horizons and depths as well as micro morphological characterization and, after this process, the soil type has been established, after SRTS (Soil Romanian Taxonomical System, Florea and Munteanu, 2012; Dodocioiu and Dobre, 2015) . Soil samples were collected in September 2014, and were analysed and interpreted according with the methodology ICPA, 1987: pH in water suspension (1:2.5) by potentiometric method, total N, by the Kjeldahl method, mobile P and K extraction with 0.1 M ammonium lactate -0.4 M acetic acid solution at pH 3.7 (Egner Riehm Domingo method) followed by spectrophotometry, the sum of bases was determined For analysing the heavy metals from soil and sewage sludge samples were used the following equipment: mass spectrometer with inductively coupled plasma, ICP-MS, Perkin -Elmer Elan 9000, flame atomic absorption spectrometer Avanta PM, Milestone microwave digestion system . Calibration standards were made from stock solutions ICP-MS multi element calibration STD 3, monoelement standard solutions 1000 ppm K, nitric acid 65% puris p.a. (Fluka), hydrogen peroxide 30% p.a. (Merck) and ultrapure water, grade 1 according to ISO 3696: 1987. For mineralization of solid samples there was used a Milestone microwave digestion system. Amount of about 0.5 g of sample, weighed accurately 0.0001g, 5 mL nitric acid 65%; 2 mL H 2 O 2 , 1 mL aqua regia were placed in Teflon vessels and were subjected to a heat treatment under pressure program: heating to 180°C with a gradient of 4.5/min and held for 20 minutes at 180°C. After cooling, liquid samples were transferred into flasks and were brought to volume of 50 mL using aqua regia and analyzed according to the specific procedures of spectrometric instruments.
RESULTS AND DISCUSSIONS
In order to establish the suitability of the sewage sludge from the Craiova wastewater treatment plant in Bulzesti and Murgasi, localities situated in Dolj County, located at a distance of 25 and 35 km respectively from Craiova, it was taken into account the provisions of Order 344/ 16.08.2004 of the Ministry of the Environment and Water Management in connection with the approval of the Technical Norms on environmental protection and especially of soils when using sewage sludge in agriculture. For this it is necessary to know the type of dominant soil in each commune and the physical and chemical properties including the heavy metal content and the average chemical composition of the sludge from the wastewater treatment station of the municipality of Craiova and all these to be interpreted according to the provisions of this order, whether or not they are suitable for sewage sludge application. The predominant soil type in Bulzesti locality is the vertic preluvosol which has the physical and chemical properties presented in Table 1 and Table 2 . -topography of the land is poorly uneven, which proves that the degree of soil damage to the sludge is poor, so from this point of view the sludge can be used on these soils.
-the slope of the land is between 2-5%, meaning a degree of weakness, so from this point of view the sludge can be applied on this soil; -the soil texture is clayey on the entire length of the control surface with average degree of damage, which shows that from this point of view the sludge is suitable for this type of soil; -low soil permeability, which means a degree of environmental damage and the possibility of using sludge; -soil drainage is moderate, indicating a low degree of damage and a good likelihood of using sludge; -the soil erosion hazard is absent, which means that the soil is not affected at all, following the use of sludge, the soil has a good suitability from this point of view when using the sludge; -the soil is non-inundable and it is not affected from this point of view by the use of sludge, the suitability of its use being good; -the useful water capacity is medium, the degree of soil degradation in the use of sludge being poor and the suitability of using it from this point of view is good; -the pH has values between 5.50 -6.08, resulting in a degree of medium-to-high damage and a lower availability of sludge; -the cationic exchange capacity is medium and free of damage and indicates high sludge availability; -the depth of the groundwater is medium, resulting in a degree of medium soil damage and a good suitability for sludge; -edaphic volume is high resulting in a low degree of damage to soil and good use of sludge; The heavy metal content in the soils from Bulzesti and Murgasi localities is shown in Regarding the annual quantities of heavy metals that will be introduced into the agricultural lands after the chemical composition of the sludge compared to the limit values of the Order these are listed in Table 4 , considering that once every 3 years it will be applied 30 t / ha of sludge. The data contained in this table shows that the limit value of all heavy metals entering the soil through the use of the sludge from the Craiova wastewater treatment plant is not exceeded, on the contrary, the quantity entering the soil is much less than 6 up to 12 times. So, from this point of view, the sludge from the wastewater plant of Craiova municipality is suitable to be used on the vertic preluvosol from Bulzesti locality.
Regarding the chemical composition of the sludge from the Craiova Wastewater Treatment Plant it is listed in Table 5 . Analysing the heavy metal content compared to the maximum allowable concentration stipulated by the Order, it is noted that all the heavy metals contained in the sludge are below the MAC value which means that the sludge can be used on the vertic preluvosol from Bulzesti. In Murgasi locality the soil type is stagnant brown vertosol having the physical and chemical properties presented in table 6 and 7. Analysing the data from these tables compared to the technical norms of the Order 344 / 16.08.2004 the following aspects arise: -the topography of the terrain is slightly uneven, the sludge can be applied with good results; -the slope of the land is between 2.5 -4%, the degree of soil degradation in the sludge application is weak, so it is suitable to apply it; -the soil texture is clay-clayey indicating a degree of average soil damage and a medium application of sludge; -the total porosity is small, indicating a degree of average soil damage to the sludge application, so an average degree of suitability of soil to sludge application.
-soil drainage is moderate, indicating a low degree of damage and a good probability of application of the sludge; -the soil presents no visible traces of erosion, which indicates good application of the sludge on this soil.
-soil is non-inundable and is not affected by the use of sludge, the suitability of sludge being good; -the useful water capacity is medium, so it has good application to the sludge, the degree of damage to the soil being poor; -the depth of the groundwater is medium, resulting in a degree of average soil damage in the use of sludge, so a medium suitability; -edaphic volume of the soil is high, from this point of view there is a high suitability to the application of the sludge.
-the soil pH has values ranging from 5.51 to 6.24, with a degree of medium-to-high soil deterioration when using sludge, so a lower availability in use.
-the cationic exchange capacity is medium, the soil being undamaged from this point of view, with good sludge use.
The content of heavy metals in the soil from Murgasi locality is shown in Table 5 , from which it follows that all the heavy metals contained in this sludge have values under the MAC stipulated by the Order.
Analysing the annual quantities of heavy metals to be introduced annually in this soil, they are the same as those previously presented in Table 4 . As was discussed at this table, the quantities introduced annually into the Murgasi stagnant brown vertosol by using 30t/ha of sludge every 3 years are 6-12 times lower than the limit values set by the Order. chemical parameters of the soils in these localities and the chemical composition of the sludge and respectively the quantity of heavy metals to be introduced annually into the soil by using it, results in the following: -on the vertic preluvosol from Bulzesti locality from the 13 soil parameters analysed, 12 parameters fall into a low or medium degree of soil damage in the use of sludge and a parameter, respectively the pH value indicates a degree of middle to high damage, so a more reduced suitability when using sludge.
-on the stagnant brown vertosol in Murgasi locality, 12 parameters indicated a good suitability for the use of sludge and one parameter, respectively, the pH indicated a lower availability.
-the heavy metal content of sewage sludge at the Craiova wastewater treatment plant shows that all heavy metals are below the MAC value.
-quantities of heavy metals that can be introduced into the soil every year in the two soil types analysed at 3-year application of 30 t/ha of sludge are less than 6 to 12 times the limit value of heavy metals introduced into soils provided in the Order. Considering this complete analysis of all parameters included in the Order, it results that the sludge from the Craiova wastewater treatment plant is likely to be successfully used both on the vertic preluvosol from Bulzesti locality, and on the stagnant brown vertosol from Murgasi locality.
